All relevant inputs for the extraction of the CKM matrix element Vus from K L , K S and K ± decays have been measured at KLOE. From a global fit using only KLOE results, but K S lifetime, a value of |Vus|f + (0) = 0.2157 ± 0.0006 is obtained, where f + (0) is the form factor parametrizing the hadronic matrix element evaluated at zero momentum transfer. Comparison of the values of f + (0) Vus for K e3 and K µ3 modes provides a test of lepton universality at 0.8% level of accuracy. The value Vus/V ud = 0.2323(15) has been obtained from the ratio Γ(K → µν)/Γ(π → µν) using KLOE measurement of BR(K ± → µ ± ν) and lattice calculation of the ratio of decay constants f K /fπ. These results, together with V ud = 0.97418(26), are compatible at 0.6σ level with CKM matrix unitarity. The universality of lepton and quark weak couplings can be tested and constraints on new physics extensions of the Standard Model can be set using these very precise measurements from kaon decays.
INTRODUCTION
Precise measurements of semileptonic kaon decay rates provide the measurement of the V us element of the CKM mixing matrix and information about lepton universality. Helicity-suppressed leptonic kaon decays provide an independent measurement of |V us | 2 / |V ud | 2 , through the ratio Γ(K → µν)/Γ(π → µν). These measurements, together with the result of |V ud | from nuclear β transitions, provide the most precise test of the unitarity of the CKM mixing matrix through the relation |V ud | 2 + |V us | 2 + |V ub | 2 = 1. Unitarity can also be interpreted as a test of the universality of lepton and quark weak couplings, testing the relation
, with G F the Fermi coupling constant from the muon decay. Bounds on new physics extensions of the standard model can be set using the ratio of the V us values obtained from helicity-suppressed K ℓ2 decays and helicity-allowed K ℓ3 decays. The kaon semileptonic decay rate is given by:
where K = K 0 , K ± , l = e, µ and C K is a Clebsch-Gordan coefficient, equal to 1/2 and 1 for K ± and K 0 , respectively.
The decay width Γ(K l3 ) is experimentally determined by measuring the kaon lifetime and the semileptonic BRs totally inclusive of radiation. The theoretical inputs are: the universal short-distance electroweak correction S EW = 1.0232, the SU (2)-breaking ∆
SU(2) K
and the long-distance electromagnetic corrections ∆ EM K,l , which depend on the kaon charge and on the lepton flavor, and the form factor f + (0) ≡ f K 0 π − + (0) parametrizing the hadronic matrix element of the K → π transition, evaluated at zero momentum transfer and for neutral kaons. The form factor dependence on the momentum transfer can be described by one or more slope parameters λ, measured from the decay spectra, and enters in the phase space integral I K,l (λ).
The KLOE experiment at the Frascati φ−factory DAΦNE can measure all the relevant inputs to extract V us from K l3 decay rates of both charged and neutral kaons: BRs, lifetimes and form factors. In section 2 an overview of the measurements for K L , K S and K ± will be presented, followed by the extraction of V us in section 3 and bounds on new physics beyond the standard model in section 4. 
BRANCHING RATIOS, LIFETIMES AND FORM FACTOR SLOPES

K L decays
The absolute BRs for the four main K L decay channels have been measured from a sample of 1.3 × 10 
K S decays
A φ−factory provides the unique opportunity of having a pure K S −beam. Therefore, using a sample of 1.2 × 10 8 φ → K S K L events in which the K L is identified by its interaction in the calorimeter, we have mea- [6] and Γ(π + π − )/Γ(2π 0 ) = 2.2549(54) [7] . These two ratios completely determine the value of K S main BRs and allow us to measure BR(K Se3 ) = 7.046(91) × 10 −4 to be used in the V us extraction. The value of K S lifetime used in the present determination of |V us |f + (0) is τ S = 0.08958(5) ns, from PDG fit to CP parameters [8] .
K ± decays
The values of BR(K ± e3 ) and BR(K ± µ3 ) have been determined separately for K + and K − decays tagged by K + and K − so to have four independent measurements for each BR, minimizing the systematic contribution from the tagging procedure. The background rejection uses kinematics and the signal count is extracted from a constrained likelihood fit to the distribution of the squared lepton mass evaluated by time-of-flight measurements. Using τ ± = 12.385(25) ns [8] to account for acceptance dependence on kaon lifetime (τ ± ), we obtain BR(K ± e3 ) = 0.04965(53), and BR(K ± µ3 ) = 0.03233(39) [9] . The world average accuracy on K ± lifetime τ ± is 0.2% [8] however the measurementsś pread signals a poor consistency between the results. The KLOE experiment has measured τ ± with K ± → µ ± ν tagged kaons and fitting the distribution of the kaon proper decay time t * evaluated with two independent methods: the kaon decay length and the kaon decay time from the time of flight of the photons from the π 0 in the final state. The first method gives τ ± = 12.364(31)(31) ns, the second τ ± = 12.337(30) (20) ns and the average is τ ± = 12.347(30) ns [10] , in perfect agreement with PDG value. The absolute branching ratio of the
decay has been measured using ∼20 million tagged K + mesons. Signal counts are obtained from the fit of the distribution of the momentum of the charged decay particle in the kaon rest frame. The result, inclusive of finalstate radiation, is BR( (9) [11], 1.3% (∼2σ) lower than the PDG fit [8] . We then fit the six largest K ± BRs and the lifetime τ using our measurements of τ ± [10] , BRK 
average [14] , with the sum of the BRs constrained to unity. The fit result, listed in Table I , with χ 2 /ndf = 0.59/1 (CL=44%) shows very good consistency [11] .
EXTRACTION OF |V us |f + (0) AND |V us |
To extract |V us |f + (0) we need the SU (2)-breaking [15] and the long distance EM corrections to the full inclusive decay rate [15, 16] , evaluated for the first time for K µ3 channels of both neutral and charged kaons [17] . The values of |V us |f
, and K ± µ3 decay modes are shown in Table II . The five decay modes agree well within the quoted errors and average to |V us |f + (0) = 0.2157 ± 0.0006, with χ 2 /ndf = 7.0/4 (Prob=13%), to be compared with the world average |V us |f + (0) = 0.2166 ± 0.0005 [18] .
|Vus|f+(0) 0.2155 (7) Defining the ratio r µe = |f
e3 and using eq.1, we have r µe = g 2 µ /g 2 e , with g ℓ the coupling strength at the W → ℓν vertex. Lepton universality can be then tested comparing the measured value of r µe and its Standard Model prediction r SM µe = 1. Averaging between charged and neutral modes, we obtain r µe = 1.000 (8) , to be compared with what obtained from leptonic pion decays, (r µe ) π = 1.0042(33) [19] , and from leptonic τ decays (r µe ) τ = 1.0005(41) [20] . Using the determination of |V us |f + (0) from K l3 decays and the preliminary result f + (0) = 0.964(5) from the UKQCD/RBC Collaboration [21], we get |V us | = 0.2237 (13) . Furthermore a measurement of V us /V ud can be obtained from a comparison of the radiative inclusive decay rates of K ± → µ ± ν(γ) and π ± → µ ± ν(γ) combined with a lattice calculation of f K /f π [22] . Using BR(K ± → µ ± ν) = 0.6366(17) from KLOE [12] and the preliminary lattice result f K /f π = 1.189(7) from the HP/UKQCD '07 [23] , we get V us /V ud = 0.2323 (15) . This value can be used in a fit together with the measurements of V us from K l3 decays and V ud = 0.97418(26) [24] , as shown in figure 1 
GeV −2 which is in perfect agreement with the measurement from the muon lifetime G F = (1.166371 ± 0.000006) × 10 −5 GeV −2 and is competitive with the present accuracy of the measurements from tau-lepton decays and electroweak precision tests.
BOUNDS ON NEW PHYSICS
A particularly interesting observable is the ratio of the V us values obtained from helicity-suppressed and helicityallowed kaon modes: R ℓ23 = |V us (K ℓ2 )/V us (K ℓ3 ) × V ud (0 + → 0 + )/V ud (π µ2 )|, which is equal to 1 in the SM. The presence of a scalar current due to a charged Higgs H + exchange is expected to lower the value of R ℓ23 [25] :
with tan β the ratio of the two Higgs vacuum expectation values in the MSSM. To evaluate R ℓ23 , we fit our experimental data on K µ2 and K ℓ3 decays, using as external inputs the most recent lattice determinations of f + (0) [21] and f K /f π [23] , the value of V ud from [24] , and V 2 ud + V us (K l3 ) 2 = 1 as a constraint. We obtain R ℓ23 = 1.008 ± 0.008 [18] . 
